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SANDIA LABORATORIES QUARTERLY REPORT 
PLANETARY QUARANTINE PROGRAM 
Sumnary of Acti v i  ties 
Planetary Quarantine Analyses. 
Space Science Board (NAS) recommending less  conservatism i n  planetary 
quarantine parameter value choices, and i n  view of the recent d i s -  
covery of extremely heat res i s tan t  spores , studies have been undertaken 
which indicate that  a revision of the philosophy g u i d i n g  D-value 
choices is now appropriate. 
s t e r i l i za t ion  cycles be based on the estimated actual dis t r ibut ion of 
resistance among organisms on a spacecraft rather than upon the 
assumption t h a t  a l l  organisms possess maximum known resistance. All 
available evidence indicates this approach is feasible.  
the approach has the advantage of complete generality and: 
( 1 )  
In view of recent guidance from the 
Accordingly, we have recommended t h a t  
Additionally, 
]It requires the leas t  possible s t e r i l i za t ion  time (for a 
fixed s t e r i l a n t )  while assuring tha t  planetary quarantine 
requi rments  are met, 
(2 )  the e f fec ts  of environmental control personnel control and 
cleaning can be assessed , and 
( 3 )  combinations of s t e r i l an t s  may be chosen i n  an optimal 
h i o n  t o  correspond t o  the variations i n  hardiness among 
organisms on a spacecraft. 
T h i s  proposal for modifying the philosophy of D-value select ion,  
as presented t o  PQAP, is outlined here. 
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Thermoradiation Experimentation. A c t i v i t i e s  t h i s  past quarter have 
centered on the i nves t i ga t i on  o f  the resistance o f  n a t u r a l l y  occurr ing 
spores found i n  vacuum cleaner dust obtained from the A0 Bu i l d ing  Clean 
Room a t  Cape Kennedy. 
s o i l  near t h i s  bu i ld ing,  i t  i s  obviously important t o  know whether these 
Knowing t h a t  very r e s i s t a n t  spores e x i s t  i n  the 
w i  11 be found i n  environmental l y  contro l  1 ed spacecraft assembly areas 
also. From the r e s u l t s  presented here, i t  appears t h a t  h igh l y  heat 
r e s i s t a n t  spores w i l l  be found i n  such areas, bu t  i n  a lower con- 
centrat ion than i n  completely open areas. 
Thermoradiation Modeling. The previously developed model f o r  thermo- 
r a d i a t i o n  i n a c t i v a t i o n  o f  spores was used t o  analyze the i n a c t i v a t i o n  
o f  h i g h l y  r e s i s t a n t  s o i l  spores. Tentat ive conclusions are: 
(1) The thermal resistance o f  these organisms derives from t h e i r  
h igh thermal s t a b i l i t y  (very low entropy o f  ac t i va t i on )  ra the r  
than from a change i n  chemical react ion energy. 
(2 )  The nuc le ic  ac id  molecular weight f o r  h ghly r a d i a t i o n  r e s i s t a n t  
s o i l  spores i s  an order o f  magnitude o r  more less than t h a t  o f  
B. s u b t i l i s  var. n iger.  - 
(3) Free rad i ca l  i n a c t i v a t i o n  o f  h i g h l y  r e s i s t a n t  spores would 
appear t o  depend upon d i f f e r e n t  species o f  f r e e  rad i ca l s  
than does the i n a c t i v a t i o n  o f  L s u b t i l i s  var. n iger.  
Fine P a r t i c l e  Physics. A c t i v i t i e s  t h i s  past quarter were d iv ided 
i n t o  two areas. 
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surfaces and 
removal o f  organisms f m dust paPs$a”cl@s* - 
The studies reported on here d ~ o ~ s t ~ a t  l a t i v e  h u m i ~ i t y  h 
a s t r i k i n g  e f f e c t  upon dust paostlcle adk s ion  t o  surfaces. As r 
humidity increases , the f o r c  
dramat ica l ly  - t o  a point ,  indeed, where standar spacecraft cleaning 
techniques become ine f fec t i ve .  This occurs even when the time period 
i n  which a p a r t i c l e  on a surface i s  exposed t o  high r e l a t i v e  humidity 
i s  short .  
should not  be exposed t o  r e l a t i v e  humidi t ies I n  exc 
adhesion t o  su 
As a general guidel ine,  p r i o r  t o  s t e r i l i z a t i o n ,  a spacecraft 
A study has been i n i t i a t e d  t o  i nves t i ga te  means f o r  separating 
natural  ly occurr ing organisms from dust p a r t i  c l  es e Currently, moderate 
success has been gained through f l o a t a t i o n  separation using Freon TF as 
the disassociat ion medium. 
upon the v i a b i l i t y  o f  these spores. 
It appears t h a t  F eon TF has no e f f e c t  
Studies on Bacter ia l  Spore Inact ivat ion,  In studying spore i n a c t i v a t i  
mechanisms, i t  was observed t h a t  formal in  (aqueous formaldehyd 
sporostat ic  propert ies very simS 1 a r  i n  c h a r a ~ ~ ~ r  t o  hose shown by 
alcohols i n  previous work. A descr ip t ion -is g l  en o f  a sho r t  study 
was undertaken which demonstrated 
and a hypothesis as t o  the reasons i s  p u t  f o r th ,  
ostats’c property o f  f o  
s o w  experimental programs 
have avai lab le a computer 
program f o r  s t a t i s t i c a l l y  analyzing r ~ a ~ o ~ a ~ ~ y  large amounts o f  data. 
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During the past six months, such a program has been designed, coded 
and checked operationally. 
The computer program i s  written i n  a very general language, and can be 
r u n  on most computers. 
interested persons e 
I t  i s  now i n  the process of being documented. 
Decks or l i s t ings  will be made available t o  
Computerized Identification System. A completed version of the computerized 
bacterial ident i f icat ion system has been instal led i n  the Lunar Information 
System a t  Cape Kennedy. Two subsidiary ac t iv i t i e s  associated w i t h  the 
development of the ident i f icat ion system are reported on. The first i s  
the discovery, us ing  the system, t h a t  the t h i r d  most frequently observed 
bacterial species found on Apol l o  spacecraft does not precisely correspond 
t o  any organism given i n  standard keys fo r  the family t o  which i t  
presumably belongs. The second is  the development of a universally 
general bacterial ident i f icat ion code. 
Federal Standard 209a. The formation o f  a Working Group to  consider 
revision o f  Federal Standard 209a has begun. Preliminary contacts 
have been made w i t h  the Department of Defense, U. S. Navy, and U. S. 
Air Force for selecting Working Group members. 
8 
P1 anetary Quaranti ne Analyses 
A. Description. T h i s  is a continuing ac t iv i ty  undertaken on an as needed 
basis which is devoted t o  identifying planetary quarantine problems and 
determining ways i n  which such problems may be approached and resolved 
w i t h  minimal effect  on planetary exploration. 
B. Progress. 
spores, emphasis was placed dur ing  this past quarter i n  determining how 
much of a problem such spores migh t  actually be in spacecraft s t e r i l i za t ion .  
To do this i t  was f irst  observed tha t  a typical survivor curve for  a 
randomly chosen population of naturally occurring organisms might  be 
expected t o  look l i ke  tha t  shown i n  Figure 1. Actual data o f  a similar 
naturally occurring spore population will be found i n  the next section of 
this quarterly report. 
Because of the recent evidence of concern over "hardy" so i l  
Figure 1 - Expected Survivors 
From Naturally 
Occurri ng Popul a t i  on 
Expected 
Survivors 
Time 
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A curve such as t h a t  shown i n  Figure 1 is obtained for a population 
of naturally occurring organisms because the population is heterogeneous. 
This is i l lustrated i n  Figure 2 ,  below, where i t  is imagined one is  dealing 
w i t h  the to ta l  organism population on a spacecraft surface and i t s  survival 
a t  125OC. The to t a l  population, i n i t i a l l y  containing No (about 10 ) 
organisms is imagined t o  be composed o f  
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N, expected vegetative ce l l s  (comprising about  90% o f  the 
to t a l  population) whose survival i s  shown as depending on 
a D-value, D1 , of about 3 minutes. 
N 2  expected spores (about 9% o f  the total  population) whose 
D-value is D2 (about 20 minutes) , 
N3 expected spores whose D-value, D3, is approximately 1 hour, and 
N4 expected spores whose D-value, D4, is approximately 2 hours. 
The surv ivor  curve t h a t  ould be seen expe imenta l ly  f o r  such a 
populat ion i s  denoted "Observed Composite" i n  F igur  
character t o  t h a t  given i n  Figure 1. This ~ y p o t h e ~ i c a ~  exam
Figure 2 i s  compared w i t h  the actual  planned s t e r i l i z a t i o n  cyc le  for  a 
5 populat ion o f  10 surface organisms on a spacec af t .  The planned su 
5 v i v o r  curve i s  t h a t  shown w i t h  a 30 minute D-value f o r  a l l  10 organisms 
(and thus a t o t a l  s t e r i l i z a t i o n  t ime o f  3-1/2 hours). 
I n  t h i s  hypothet ical  example, the p lan i s  inadequate because the 
actual  expected number o f  survivors - i n  p a r t i c u l a r ,  the expected number 
o f  survivors from the populat ion comprised o f  N4 spores w i t h  a two hour 
D-value - exceeds lo'* a t  3-1/2 hours. On the other hand, a modest 
increase i n  s t e r i l i z a t i o n  t ime ( t o  4 hours) o r  a somewhat lower expected 
i n i t i a l  populat ion N4 would lead t o  an achievement o f  planetary quarantine 
object ives.  
Thus, i f  one knew the actual  d i s t r i b u t i o n  o f  hardiness o f  organisms 
on a spacecraft, t h a t  i s  o f  No organisms, N1 have a D-value D1, N2 a 
D-value D2, N3 a D-value D3' and so f o r t h ,  i t  would be possible t o  assess 
the adequacy o f  current  s t e r i  15 z a t i  on plans and defermi ne the magnitude 
o f  changes needed i f  the plans proved t o  be inadequate. 
To base new plans on an estimate o f  the d i s t r i b u t i o n  o f  the hardiness 
o f  organisms on a spacecraft, howevert deviates fr 
quarantine philosophy i n  which the establ ished existence o f  organisms 
w i t h  a 2 hour D-value on a surface would imply the assumption o f  a 2 hou 
D-value f o r  the t o t a l  surface popu a t i o n  - i n  other words, a l l  organisms 
have, i n  the past, been assumed t o  possess the maximum known D-value. 
I n  the above example, t h i s  conservative approach would lead t o  a s t e r i l i z a t i o n  
past planetary 
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t ime of 14 hours, o r  -- four  times t h a t  cu r ren t l y  planned. This a lso cam- 
pares unfavorably w i t h  the t h e o r e t i c a l l y  adequate 4 hours j u s t  derived 
i n  Figure 2 f o r  t h i s  example. The assumption o f  a maximum D-value f o r  
t he  t o t a l  populat ion i s  c l e a r l y  an extremely conservative one. 
I n  view o f  recent guidance from the Space Science Board urging l ess  
conservatism i n  parameter value choicesy and i n  view o f  the recent d i s -  
covery o f  extremely hardy spores, t h i s  seems an opportune t ime t o  
consider r e v i s i o n  o f  t he  philosophy guiding D-value choices. 
than assume t h a t  a spacecraft populat ion has a D-value compatible w i t h  
the maximum D-value known a t  any given time, i t  seems appropriate t o  
consider the p o s s i b i l i t y  o f  est imat ing the var ia t ions i n  hardiness w i t h i n  
the  populat ion and basing s t e r i l i z a t i o n  cycles on t h i s  estimate. To 
actual  l y  a t t a i  n the required probabi 1 i ty o f  spacecraft s t e r i  1 i z a t i  on , 
---- one can do no b e t t e r  -- than t h i s ;  i n  the sense t h a t  planetary quarantine 
requirements w i l l  be met i n  the  l e a s t  possible s t e r i l i z a t i o n  time. 
Rather 
Before adopting such an approach, one must, o f  course, question the 
p r a c t i c a l i t y  o f  attempting t o  estimate va r ia t i ons  i n  hardiness i n  the 
microbia l  populat ion on a spacecraft. Currently, t h i s  appears feasible.  
For example, recen t l y  published data i nd i ca te  roughly that ,  when inc lud ing 
vegetat ive c e l l s  , the frequency o f  occurrence o f  organisms i so la ted  
from an actual  spacecraft decreases as the hardiness increases. This 
s i t u a t i o n  i s  i l l u s t r a t e d  i n  Figure 3. Here, between 85 and 90% of t he  
organisms are assumed t o  be vegetat ive c e l l s .  
Shown also i n  Figure 3 i s  the p r o b a b i l i t y  P(D) t h a t  a random organism 
chosen from a given populat ion w i l l  have a D-value o f  D (more p rec i se l y  
a p r o b a b i l i t y  o f  death given by The graph o f  P(D) corresponds 
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Figure 3 - Frequency o f  Occurrence 
of Various D-values and 
Approximate Re1 a t  i ons h i p 
t o  P(D) for Fixed Environment 
D (Arbitrary Scale) 
essent ia l ly  t o  the fraction of times such organisms occur. 
function, P(D) , specifying the likelihood of encountering the D-value, 
D, is  a measure o f  the variation i n  hardiness w i t h i n  a population. The 
question o f  pract ical i ty  of estimating variations i n  hardiness can be 
translated into:  
Such a 
Can P ( D )  i s  estimated? 
Perhaps surprisingly,  a fair  amount o f  qual i ta t ive information and 
some quant i ta t ive  information exists already - enough t o  feel  hopeful 
about the f eas ib i l i t y  of estimating P(D) .  
First., there ex is t  data of the type already mentioned - frequency 
plots of  varying hardiness of spacecraft isolates .  The actual frequencies 
of different D-value ranges provide quantitative information. Qualita- 
t ive ly ,  these data indicate t h a t ,  a t  l eas t  t o  a f irst  approximation, 
P(D)  i s  a monotonically decreasing function o f  D - t h a t  is ,  as D increases 
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P(D) goes down, so t ha t  one is less  ap t  t o  encounter highly res i s tan t  
organisms than t o  encounter easi ly  kil led ones. 
Furthermore, there are  data available that  indicate that  the 
function P(D) depends upon environment. 
mental dependency. 
Figure 4 i l l u s t r a t e s  this environ- 
P(D)  
(Arbi t ra ry  
Scale) 
Figure 4 - I l lus t ra t ion  o f  the 
Dependence o f  P ( D )  
Upon Environment 
D *- 
Exampl e : 
Open Area: P(D) 5 1/1000 
White Room: P(D) 5 1/100,001 
Laminar Flow (Class 100): 
1/108 5 P(D) 5 1/106 
( D  - 20 hours) 
In a "dirty" work area there is  typically a higher proportion o 
t o  vegetative ce l l s  than i n  environmentally control led 
portion decreases as higher environmental control is ex 
Figure 4 ,  we have indicated one place ( a t  D about 20 hours) where sane 
reasonable quanti t a t i  ve information is avai lab1 e e Here we imagi ne per- 
haps 10 to  25% of the organisms i n  an open work area t o  be spooges 
1/4 t o  1% o f  those having a D-value o f  20 hours based on reasonably con- 
servative data currently available. T h u s ,  i n  a d i r t y  environment pe 
one i n  one-thousand organisms has a "D-value" of 20 hours. Based on 
Apollo sampling and our own spore heat studies of vacuum cleaner d u s t  
from assembly areas a t  the Cape (found next i n  this report) one anticipates 
perhaps 5% spores and perhaps only 1/5000 of these w i t h  a 20 hour D-value. 
Thus the estimate o f  one such hardy organism per 100,000 organisms i n  
an area o f  moderate control (white rooms). 
flow area, so i l  spores (and therefore h igh ly  res i s tan t  ones) a re  even 
less l ikely - particularly i f  reasonable control procedures are used. 
Exact figures here a re  not known, b u t  the range one hardy spore 
6 8 (D - 20 hours) per 10 to  10 seems very reasonable and perhaps con- 
servative. 
In a highly controlled laminar 
In further studies now under way, preliminary resul ts  indicate 
tha t  such estimates of bacterial hardiness can be made reliably.  
there a re  several promising approaches t o  this problem of estimating 
Indeed 
variations i n  hardiness i n  microbial populations, and we feel h@ 
f eas ib i l i t y  of doing so can be established. 
Finally, there is  the question: If P(D)  can be estimated, what 
e f fec t  might  using the estimate t o  define s t e r i l i za t ion  cycles have upon 
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planetary exploration? 
A t  this p o i n t  i n  time a precise answer t o  this question is not known. 
In a rough qua l i ta t ive  way, i t  is our view tha t  under certain conditions , 
current cycles could vary from marginal t o  somewhat inadequate. The 
20 hour cross-section of Figure 4 is used t o  i l l u s t r a t e  this i n  
Figure 5. 
In other words, what cycles might  be anticipated? 
In Figure 5,  vegetative cells,  spores w i t h  a nominal resistance of 
D = 20 minutes and very hardy so i l  spores a t  either 1 i n  10 o r  1 i n  10 
levels a r e  assumed present. A t  a frequency of 1 i n  lo6,  the s t e r i l i za t ion  
plan is inadequate. A t  1 i n  10 , i t  is adequate. No account has been 
taken o f  spores w i t h  intermediate hardiness between 1/3 and 20 hours. 
In Figure 5, the marginal nature of current plans is visible.  
6 7 
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I f  spores 
6 w i t h  D-values of say 20 hours a t  125OC can be expected 1 time i n  10 
organisms, then a t  l ea s t  one log  of these must be eliminated (based on 
an expected number of 10-1 i n  10 organisms), and this requires 20 hours 
a t  125OC. 
consider the use of thermoradiation t o  a t t a in  this required single log 
decrease i n  the very hardy spores. Total adequate s t e r i l i za t ion  could 
then be accomplished, i n  this example, by actually u s i n g  less  than the 
planned s t e r i l i za t ion  time of 3.5 hours w i t h  the addition of a t  most 
35 krads total  dose of y-radiation. 
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Should something l i ke  this actually occur, one might  wi sh  t o  
In the more general case ( i n c l u d i n g  the complete dis t r ibut ion of 
hardiness) we would ant ic ipate  t h a t  this same approach i s  ent i re ly  
feasible.  
The four major advantages t h a t  appear t o  accrue from using  estimates 
of the actual dis t r ibut ion of hardiness of organisms on a spacecraft are: 
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Figure 5 - Tailoring Sterilant Choices 
To the Variations in Resistance 
1 o5 
1 o4 
1 o3 
1 o2 - Plan (a D = 1/2 Hour 
1 o1 
e 
ours 
1 oo 
- -  1 0-1 
Reduction With 
Thermoradiati on 
- -  1 o-2 
in 
in 
1 06) 
l o7 )  
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Acknowl edgi ng t h a t  vari a t i  ons i n  hardi ness exist, this approach 
requires the l eas t  possible s t e r i l i za t ion  time (for  fixed 
steri lant)  while guaranteeing t h a t  planetary quarantine 
requirements a re  met. 
The effects  of environmental control , personnel control,  
and cleaning can be assessed, and as more control and cleaning 
are  used, the less l ikely is one t o  encounter problems from 
very hardy organisms . 
Ster i l iza t ion  means can be tailored to  the d i s t r ibu t ion  - 
as i l l u s t r a t ed  by the introduction of a modest thermoradiation 
treatment i n  the above example t o  effectively s t e r i l i z e  only 
a small portion of the total  population. 
T h i s  approach is completely general. A1 though the parameter 
values ( tha t  is those def in ing  P(D))  may change as circumstances 
change, the approach i t s e l f ,  need never be altered.  Thus , 
w i t h  the adoption of this approach, a l l  new information 
related t o  bacterial  resistance may be incorporated without 
requiring any change i n  philosophy g u i d i n g  the planning of 
spacecraft s t e r i l i za t ion  cycles. 
During this past quarter,  this approach for determining s t e r i l i za t ion  
cycles was recommended by us to  the Planetary Quarantine Advisory Panel 
and the Planetary Quarantine Officer, NASA. A document g i v i n g  de ta i l s  
of this recomnended approach is bei ng prepared. 
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Thennoradiation Experimentation 
A. Description. The objective of this ac t iv i ty  i s  to  thoroughly investigat 
the s t e r i l i z ing  effects  o f  combinations of heat and ionizing radiation 
and t o  assess the pract ical i ty  of this process fo r  spacecraft s t e r l l i t a t i o n ,  
Thermoradiation may offer  the possibi l i ty  of s t e r i l i za t ion  a t  t ~ p e r a t u ~ ~ s  
less  than 100°C a t  low dose rates of approximately 10 krad/hour. T h i s  
i s  possible because o f  a synergistic e f fec t  i n  bacterial inactivation 
w h i c h  has been observed when combinations o f  heat and gama radiation 
are  applied simultaneously. 
be heat sensi t ive a t  h i g h  temperatures, thermoradiation offers a potential 
means of overcomi ng re1 i abi 1 i t y  problems. 
a very effective means of inactivating highly resis tant  naturally 
occurring spores. 
Should any spacecraft components prove t o  
In addi ti  on,  i t provides 
B. Progress. 
mechanisms on naturally occurring spores, several experiments were con- 
ducted using dry heat and thermoradiation as the inactivating agents. 
The primary difference between these and former experiments w i t h  nat- 
urally occurring organisms, described i n  QR-20, was the source and state 
of the dus t .  The d u s t  for these tests was collected w i t h  a vacuum 
cleaner i n  the A0 Bui ld ing  Clean Room a t  Cape Kennedy by the Spacecraft 
Bioassay U n i t ,  PHS, and was maintained i n  a dry condition through 
exposure t o  dry heat and thermoradiation. 
In an e f for t  t o  fur ther  understand the e f fec t  of inactivatlon 
Matherials and Methods. After the debris was removed, the d u s t  
was sieved t o  a s i z e  o f  less  t h a n  147 microns. Each sample was pre- 
pared by weighing 0.1 - .001 gram of so i l  on an analytical balance 
and placing the soil i n  a dish-shaped disc of aluminum f o i l  1.25-inch 
i n  diameter and 0.060-inch deep i n  the indented portion. A f l a t  fo i l  
+ 
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disc  was used as a cover. Four samples were then placed between two 
aluminum strips , 1.5-inches wide by 0.020 thick. The completed assembly 
was held together w i t h  wire clamps. The assembled sample strips were 
then placed i n  a desiccator over Drieri te fo r  15 hours prior t o  exposure 
t o  the inactivating environments . 
For dry heat exposure, the sample strips were placed i n  a rec i r -  
culating air oven a t  125OC and an ambient RH of approximately 30% a t  
22OC. 
except t ha t  the oven was placed inside the Gamma Irradiation Faci l i ty  
(GIF) ce l l  an appropriate distance from the cobal t40  source. The 
thermoradiation environment consisted of a temperature o f  1 2 5 O C  and 
a gama radiation dose ra te  of 77 krads/hr. 
dosimeters were placed on selected sample strips t o  verify the com- 
puted dose rate. 
The same arrangement was used fo r  thermoradiation exposure, 
Silver phosphate 
After exposure, the strips were dissembled and each so i l  sample, 
inc lud ing  the two fo i l  discs ,  was placed i n  a separate 50 m l  beaker 
containing 10 m l  of s t e r i l e ,  0.1 percent Tween 80 water. The samples 
were then insonated f o r  2 minutes to  remove any organisms from the 
fo i l  discs and t o  disassociate the organisms from the d u s t  par t ic les .  
Each sample strip contai n i  ng four rep1 i ca te  sampl es represents a 
s ingle  data  point .  
required. 
Agar w i t h  0.1% soluble starch and 0.2% yeast  extract  added as 
described i n  the 26th Quarterly Report of the Public Health Service 
Laboratory, Phoenix. The plates were bo th  underlayed and overlayed 
w i t h  the same type of media. The plates were incubated a t  32OC 
and counted af ter  6 days incubation. 
Additional ten-fold se r i a l  dilutions were made as 
Dilutions were plated o u t  i n  duplicate i n  Trypticase Soy 
Results. 
resistant subpopulations (see S ta t i s t i ca l  Analysis of Experimental 
D-values were derived from a leas t  squares f i t  of the 
Data, a l a t e r  section i n  this report). The dry heat curve, shown I n  
Figure 6 ,  indicates a DlZ5 value of 8 hours. While this varies 
s ignif icant ly  from the 29.45 hour value fo r  the PHS, Phoenix 
stock, the thermoradiation D-value of 57 minutes is  comparable with 
tha t  of 1.04 hours for  the PHS, Phoenix stock that  was reported l a s t  
quarter (QR-20). The thermoradiation data i s  shown i n  Figure 7.  
In any event, these organisms have much higher D-values than 
Bacillus subtilis var .  niger. The s ignif icant  conclusion t o  be drawn 
from these experiments is t h a t  highly heat and thermoradiation res i s tan t  
organisms were found i n  the d u s t  from the conventional clean room 
spacecraft assembly areas of Hangar AO, although the i r  frequency is  
lower i n  this area where some environmental control is exercised. 
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oradi a t i  on Model i ng 
A. Description. The basic model uti l ized is tha t  d 
quarterly reports QR-19 and QR-20. 
Briefly,  this model expresses expected survivors a t  time t ,  
E ( N ( t ) ) ,  as 
E ( N ( t ) )  = NfO) e-kt ¶ 
where k has the form 
k = kT + kR -t kTR . 
The parameter k may be considered a reaction r a t e  constant w i t h  
k 
promulgated by temperature, radiation and thennoradiation respectively. 
These rates  a re  given by 
kR and kTR r a t e  constants fo r  inactivating chemical reactions T 
(1  1 w i t h  C = 2.398 x ( w )  0.481 kR = Crd 
where w is the organism nucleic acid molecular weight (Daltons) and 
rd is radiation dose r a t e  (see QR-20); 
w i t h  
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obtained from absolute reaction r a t e  theory as described i n  previous 
reports; and 
# B. Progress. The parameters a, B ,  y ,  AH , AS' and C have been determined 
for the naturally occurring spores, PHS, Phoenix stock. Table 1 shows 
the parameters for this stock compared w i t h  - B. subtilis parameter 
values. 
Parameter 
C 
a 
B 
Y 
AH+ 
A S f  
B. subtilis 
0.02336 
16.27 
159.1 
12944 
33.5 k cal/mo.? 
12.63 e u 
PHS Spores 
0.011234 
28.6 
360.9 
251 79 
23.5 k ca {mol e 
-20.6 e u 
With  these base line parameters i t  i s  possible to  determine expected 
D-values f o r  the PHS stock as a function of temperature and dose ra te .  
T h i s  i s  indicated i n  Figure 8. 
Some tentat ive observations which can be made concerning the PHS 
Phoenix stock include: 
a. The very low entropy of activation value, AS', for the 
PHS spores indicates an extremely heat stable molecule; 
the implication being t h a t  the h i g h  thermal resistance of 
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o f  these spores derives from some mechanism conferring s t a b i l i t y  
t o  vi ta l  spore constituents (as opposed t o  some gross change 
i n  reaction taking place). 
b. On the other hand, from the values of a and y i t  begins t o  
appear tha t  for  f ree  radical mediated processes the entrops’es 
o f  activation for  the - B. sub t i l i s  and PHS spores are about the 
same, and the greater resistance of the PHS spores t o  thermo- 
radiation (kTR term) is  at t r ibutable  t o  a change i n  reaction. 
From ( l ) ,  the apparent molecular weight of the PHS spore nucleic 
acid, using radiation alone, i s  4.3 x 10 Daltons. 
subtilis the comparable value is 1.96 x lo8 Daltons, 
interesting t o  observe tha t ,  from these preliminary data,  the apparen 
c. 
7 For - B.  
I t  is 
molecular weight of the nucleic acid for the PHS stock is  
approximately the same as the value for  T1 phage. 
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Fine Pa r t i  cl e Physics 
A. Description. T h i s  i s  a study o sinal I partlc7 e behavl or re1 
microbial burden of spacecraft surfaces prior t o  f inal  s te r i l i za t ion .  
Particles tha t  have h ighly  res i s tan t  microorganisms attached t o  
t h e m  a re  of prime in te res t  t o  this study. 
very few i n  number compared to  to ta l  par t ic le  contamination, they are  
very d i f f i c u l t  to  ident i fy  fo r  study. 
contamination is  being studied re la t ive  to  par t ic le  accumulation and 
retention on surfaces. Only a small number of par t ic les  bearing very 
hardy microroganisms would be expected t o  accumulate on a spacecraft 
dur ing  assembly i n  a very clean area; however, one to  ten percent of 
the type of microorganism reported by Favero i n  USPHS Report No. 32 
dated January 1971, could survive a 24-hour heat cycle a t  1 2 5 O C .  In  
order t o  iden t i fy  factors whose control would lead to a lower particulate 
burden (and hence lower bioburden) we believe tha t  a rigorous analysis 
of spacecraft surface par t ic le  loading is necessary. 
Since such par t ic les  a re  
For this reason, total  par t ic le  
B. Progress. 
The Effects o f  Relative Humidity on Par t ic le  Adhesion t o  Surfaces. 
During this quarter a se r ies  of experiments was conducted t o  determine 
the effects  o f  re la t ive  humidity on par t ic le  contamination adhesion to  
surfaces. Almost a1 1 natural ly  occurring par t ic les  a re  affected i n  sane 
manner by watek vapor i n  the surrounding a i r ,  particularly as the wat 
content of a i r  increases. O f  special i n t e re s t  are  those par t ic les  
tha t  pick up moisture from the a i r  which par t ia l ly  or to ta l ly  dissolve and 
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then form a very strong bond w i t h  the surface on which the par t ic les  
are  located. A t  elevated humidities this occurs quickly - i n  a very 
few minutes. These par t ic les  cannot be effectively removed by dry 
wipes , vacuum cleandrng or  other cleaning methods tha t  are  permitted on 
many spacecraft surfaces. T h u s ,  the f inal  microbial burden of a 
spacecraft can be affected by the re la t ive  humidity of the a i r  i n  w h i c h  
i t  was assembled. 
These experiments were s e t  up t o  study re la t ive  humidity effects  
from 33 percent t o  one hundred percent. 
the following saturated s a l t  solutions were used for  conditioning 
chambers. 
Glass dessicators containing 
Water 100% H2° 
NH4H2P04 Ammonium Phosphate 9 3% 
KBr Potassium Bromide 84% 
NaCl Sodium Chloride 7 6% 
NaN02 Sodi um Ni t r i te  66% 
Na2CR207 2H20 Sodi um Dichromate 52% 
MgCl 6H20 Magnesium Chl  oride 33% 
Test par t ic les  were used tha t  simulated as nearly as possible the type 
par t ic les  expected i n  a clean room environment. Test par t ic les  were 
obtained by sieving bu i ld ing  vaccum cleaner dus t  t o  exclude par t ic les  
larger  than 140 microns. After sieving, the t e s t  par t ic les  were 
stored i n  dry a i r  over a dessicant bed u n t i l  use. 
Test surfaces were 1"  x 1" highly polished metal f o i l s  cemented 
t o  1 x 3 inch glass microscope s l ides .  Test surfaces were etched t o  
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permit photographing the exact same area before and a f t e r  "blowoff" 
(a simulated environmental removal of par t ic les  t o  test retention 
abi 1 i ty )  . 
A 3.3  cu. f t .  par t ic le  loading chamber was used t o  load the t e s t  
surfaces prior t o  conditioning a t  the various relat ive humidity levels.  
An ag i ta tor  fan was located near the bottom of the chamber and a glass 
tube was used t o  feed t e s t  par t ic les  into the fan i n l e t  d u r i n g  loading. 
A horizontal rack was positioned i n  the upper half of the loading 
chamber t o  hold test s l ides  d u r i n g  loading. 
A blowoff f ix ture  was used t o  re ta in  test s l ides  dur ing  "blowoff." 
The f ix ture  consisted of a 1/8" diameter j e t  located 1/2"  above the 
t e s t  strip. 
t rol led by a solenoid valve and timer. Nitrogen pressure was regulated 
t o  20 psi  dur ing  blowoff. 
Dry nitrogen was used as the blowoff gas which was con- 
The microscope-camera system is  a Leitz Ortholux equipped w i t h  
Lei t z  Ultra-Pak vertical  illumination equipment. T h i s  combination 
w i t h  the highly polished foils provides an excellent high contrast 
dark f i e ld  illumination system, The system will resolve particles 
less  one micron s ize .  A 4" x 5" Polaroid camera back is  used for  
photographing test  s l ides .  
photographs t o  be counted and higher magnifications fo r  individual 
par t ic le  analysis. 
A magnification of 9Ox is  used for  
Experimental Procedure. The following sequence o f  steps was followed 
dur ing  the experiment. 
( 1 )  12 clean s l ides  were placed on the loading chamber rack. 
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(2 )  The timer was set  for 60 seconds t o  s t a r t  blower. 
(3) 2 m l  (approximately 1.2 gm) test par t ic les  were released in to  
the loading tube  du r ing  first 30 seconds o f  the loading cycle. 
( 4 )  After the load cycle, the 12 test s l ides  were carefully removed 
and placed i n  the humidity control chamber. Every effort was 
made t o  avoid a i r  currents, d ra f t s ,  vibration and rapid movement 
of the t e s t  slides d u r i n g  hand l ing .  One s l i d e  was removed from the 
humidity control chamber a f t e r  each of the following conditioninq 
periods: 84%, 93%, and 100% - 5 ,  10, 15, 30 minutes; 1 ,  2 ,  4 ,  8, 
24, 48, 72 hours. 33%, 52%, 06%, 76% - 30 minutes; 1 ,  2 ,  4 ,  8,  24, 
72, 200, 720 hours. 
(5) After removal from the humidity control chamber, each s l ide was 
immediately photographed. Then i t  was exposed t o  a "blowoff" 
treatment for 10 seconds a t  20 psi. 
immediately rephotographed. Two separate defined areas were 
photographed before and a f t e r  "blowoff"). 
(Followfng "blowoff" i t  was 
(6)  Particles , as recorded on the photographs , were sized and counted 
i n  ranges of (a )  less  than 10 microns, (b) 10 microns and larger ,  
and ( c )  50 microns and larger. The lower l imit  o f  par t ic le  size 
count was approximately 1 micron. The area photographed from 
2 each s l i d e  was approximately 1.6 mm . Approximately 120 par t ic les  
were counted per 1.6 mm before blowoff ( i n i t i a l  load). 2 
(7 )  Four tes t  s l ides  were loaded, photographed, then subjected t o  
"bl owoff" procedure, rephotographed , and counted for  reference 
o r  control. 
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Results ., Part ic le  count data was converted to  "Percent Particles Re- 
maining After Blowoff ," designated as "Retention % "  and defined as 
Count  a f t e r  blowoff x 100 
Retention % = Count before blowoff 
Data a re  
re1 a t i  ve 
the time 
presented i n  graph form i n  Figures 9 through 15  for indjvidual 
humidity levels.  
( i n  hours) of conditioning a t  the various humidity levels. 
Results are p lo t t ed  as "Retention % I 1  versus 
A t  r e la t ive  humidity levels of 76%, 84%, 93% and loo%, "Retention % I '  
i s  plotted for the particle size categories " total  par t ic les" ,  "10 
microns and larger," and "50 microns and larger," marked as curves A ,  
B and C. 
levels below 76% since there was very l i t t l e  retention of large par t ic les  
a t  these humidities. 
for  a l l  re la t ive  humidity levels.  
The "50 microns and larger" i s  not shown for  re la t ive  humidity 
Figure 16 shows a comparison plot o f  total  par t ic les  
T h i s  se r ies  o f  experiments indicates t h a t  the major e f fec t  o f  
relative humidity on par t ic le  retention occurs w i t h i n  one hour a t  any 
of the re la t ive  humidity levels investigated. A t  higher humidity 
levels, par t ic les  become firmly attached t o  the surface i n  a few 
minutes. 
(occurring much more rapidly a t  the higher humidity levels).  The dis- 
association or  "breakup" of par t ic les  l e f t  large numbers of small 
par t ic les  adhering t o  the tes t  surface that  were much harder t o  remove 
than the or iginal ,  or parent, par t ic les .  
Disassociation of the particles occurred a t  a l l  humidity levels ;  
These experiments show re la t ive  humidity t o  be a very important 
factor  i n  surface par t ic le  retention which relates  d i rec t ly  t o  total  
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loading factors for  a spacecraft. The hygroscopic property of particles- 
the a b i l i t y  t o  p i c k  up moisture from a i r  - appears t o  be a major factor  
i n  the adhesion of par t ic les  t o  surfaces. Molecular, e lec t ros ta t ic  
and other forces account for only approximately 20% of the test par t ic les  
retained on the t e s t  strips. 
As a result of this study, i t  may be seen t h a t  par t ic le  removal 
(and therefore bioburden loss)  from a spacecraft surface is  most easily 
faci 1 i tated e i ther  by cleaning or  natural environmental removal factors 
when the surface has not been exposed t o  h i g h  humidity environments. 
In par t icular ,  i t  would appear t h a t  spacecraft surfaces should not be 
exposed to  environments w i t h  re la t ive  humidity above about 50% for even 
short periods of time. 
Removal of Organisms from Dust Particles.  A study has been in i t ia ted  
t o  investigate the means for separating naturally occurring organisms 
from d u s t  par t ic les .  
microbial 1 oadi ng of spacecraft from ai  rborne d u s t  par t i  cl es i ndi genous 
t o  the areas i n  w h i c h  actual assembly and t e s t  operations a r e  performed. 
O f  par t icular  in te res t  are  the organisms which are highly res i s tan t  
t o  heat. 
T h i s  was prompted by the need t o  ascertain the 
For the purpose of this study, about one l i t e r  of dirt was obtained 
by the Spacecraft Bioassay U n i t ,  PHS (Phoenix) from several locations 
outside and adjacent t o  the A0 B u i l d i n g  a t  Cape Kennedy. After the 
larger pieces of debris were removed, the d i r t  was sieved t o  a s i ze  
of less than 147 microns. 
some of the relat ively larger par t ic les  as well as the very f ine  d u s t .  
T h i s  s i ze  was selected t o  permit study of 
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The en t i re  amount of d u s t  was then tumbled fo r  11 hours t o  mix i t  
thoroughly and t o  provide a homogeneous sample stock. 
The l i q u i d  selected as the disassociation medium was Freon TF. 
Among the reasons for this selection were: 
a. The density of Freon TF is 1.55, whereas the density 
of spores. is  approximately 1.2 - 1.3. 
t h a t  this difference i n  physical properties would be 
beneficial i n  f loa t ing  spores t o  the t o p  of any Freon/dust 
solution. 
b. The  viscosity of Freon TF is 0.682 centipoises a t  25OC. 
The viscosity of other candidate l i q u i d s  a t  the same 
temperature is 0.894 for water and about 1.265 fo r  95% 
ethanol. This factor  should faci 1 i t a t e  both separation 
and f i 1 teri ng . 
The solvent properties o f  Freon TF would dissolve any o i ly  
films present w h i c h  would ac t  as a binder between the 
par t ic les  and organisms. 
Freon TF is readily available commercially. 
I t  was believed 
c. 
d.  
Since i n  o n a t i o n  was not generally available on the e f fec t  of Freon TF 
on organ sms, a se r ies  of  experiments was conducted t o  determine what 
effects, i f  any, i t  would have on growth and survival character is t ics .  
One gram d u s t  samples were weighed and deposited i n  bot t les  containing 
50 m l  o f  Freon TF. A t  the end of  periods 0 ,  5, 7 ,  12 and 14 days, 
the sample solution was insonated and appropriate se r ia l  dilutions 
were prepared and plated i n  Trypticase Soy Agar w i t h  0.1% soluble 
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starch and 0.2% yeast  extract  added. The plates were underlayed and 
overlayed w i t h  the same media and incubated f o r  f ive  days a t  32OC. 
There was no discernable difference i n  plate  counts among the samples 
or between these samples and similar sample solutions containing only 
s t e r i l e  deionized water. Since our proposed experimentation would 
demand tha t  the d u s t  be i n  the Freon TF fo r  only short  periods of time, 
effects  on i t  was concluded tha t  the Freon would have no detrimenta 
the spores. 
Only a few experiments were conducted this quarter. While heat 
res i s tan t  organisms were separated from d u s t  par t ic les ,  fur ther  
experimentation is needed to  increase the yield of these organisms 
and to  ref ine the laboratory procedures. 
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Studies on Bacterial Spore Inactivation 
A. Description. A study demonstrating that  the germination of bacterial 
spores can be inhibited by low concentrations of either al iphat ic  
or  aromatic alcohols was described i n  QR-19 (also Appl. Micobiol. 
- 20, 620-623). An interesting feature of this i n h i b i t i o n  is t h a t  i t  
i s  completely reversible. 
outgrowth proceed normally when spores a re  removed from a germinating 
media containing alcohol v ia  Millipore f i l t r a t i o n  or centrifugation, 
and resuspended i n  a germinat ing media f ree  of alcohol. Thus  , the 
e f fec t  of alcohols on spore development appears t o  be sporostatic and 
not sporoci dal . 
Spore germination and subsequent spore 
Speculation as t o  the mechanism for the inhibit ion of germination 
by alcohols must account fo r  two observations: 
of alcohol required for  complete inhibition, and ( 2 )  the revers ib i l i ty  
o f  the inhibition. 
alcohols are functioning by i n h i b i t i n g  enzyme(s) required for germination. 
I f  this postulate is v a l i d  i t  should be possible t o  obtain a chemically 
reactive structural analog of the alcohols w h i c h  would combine 
( 1 )  the low levels 
Such considerations strongly suggest t ha t  the 
irreversibly w i t h  the proposed spore enzyme(s) required for spore 
germination. The inact ivat ion o f  the germinating enzyme(s) by a 
chemically reactive alcohol analog should then result i n  spore 
inactivation as determined by colony forming capacity. Part of this 
quarter ' s  research e f for t s  were directed towards investigating the 
effects  o f  aqueous formaldehyde on the germination properties of 
B.  subtilis var. niger spores. - 
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B. Progress. The process of spore germination can be followed by observing 
the changes i n  optical density for a spore suspension as a function of 
time. Figure 17 i l l u s t r a t e s  the data obtained when spores o f  - B .  
subtilis var. niger were exposed t o  a germinating media (4% Trypticase 
Soy Broth) i n  the absence and presence of aqueous formaldehyde a t  3 O O C .  
Increasing the formaldehyde concentration i n  the germinating media caused 
a decrease i n  the extent o f  spore germination. T h i s  experimental result 
is  equi Val ent to  tha t  obtai ned w i t h  a1 cohol s i .e. increasing a1 cohol 
concentration i n  the germinating media caused a decrease i n  the extent 
of spore germination. A plot of the extent of germination as a function 
of formaldehyde concentration is presented i n  Figure 18. 
data i t  was possible to  obtain an extrapolated value of approximately 
1.4% as the level of aqueous formaldehyde ,required t o  completely i n h i b i t  
- B. subtilis var. niger spore germination. 
From such 
The spore suspensions containing the various formaldehyde con- 
centrations (see Figure 17) were se r i a l ly  diluted and plated on Trypticase 
Soy Agar. 
t o  aqueous formaldehyde were nearly a log lower than the colony counts 
obtained from the control spore suspensions not exposed to  formaldehyde. 
T h i s  decrease of spore v iab i l i ty  on exposure t o  aqueous formaldehyde 
suggests tha t  i t  exhi bits both sporostatic and sporocidal properties 
since i t  can produce decreased survival levels (sporocidal property), 
and i n h i b i t  spore germination w h i c h  is par t ia l ly  reversible w i t h  se r ia l  
d i lu t ions  (suggest ing a sporostatic property). Alcohols, on the other 
hand, were observed t o  be solely sporostatic i n  action since the i r  
effect on spore germination was to t a l ly  reversible. 
The colony counts obtained from the spore suspensions exposed 
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Since there se o be parallel  
e gemination f 
hat e % t e n ~  the inhibit ion of spore germination produced by 
aldehyde was reversible fo r  comparison w i t h  the known reversibl 
ination by alcohols. Figure 19 i l l u s t r a t  
the reversibility of the inhibit ion of spore germination by aqueous 
formaldehyde. B. subtilis spores were suspended i n  Trypticase Soy 
Broth containing (A)  no added formaldehyde and ( B )  a 2.5% formaldehyde 
solution. After one hour, spore suspension B was passed through a 
membrane f i l t e r  (Millipore Corporation) and resuspended i n  Trypticase 
Soy Broth containing ( C )  a 2.5% formaldehyde solution and ( D )  no 
added formaldehyde. 
taining no formaldehyde, while the spores resuspended i n  media con- 
taining formaldehyde d i d  not germinate. Thus ,  the inhibit ion of 
spore germination by both aqueous formaldehyde and alcohol is  reversible, 
so t ha t  the par t ia l  inactivation of the population by aqueous formal- 
dehyde is not caused by germination inhibit ion.  
The resuspended spores germi nated i n  media con- 
T h i s  investigation into the effect  of aqueous formaldehyde on the 
process o f  spore germination has established the s imilar i ty  of action 
of alcohols and formaldehyde on spore germination, i .e. , both rever$ibly 
i n h i  b i  t spore germination. Structural ly  and chemical l y  an ald 
is d i~ fe ren t  from an alcohol and yet both appear t o  affect  the spore 
ination process i n  a similar manner. Insight as t o  why fo  
should ac t  as an alcohol i n  i ts  ef fec t  on spore germination can be 
obtained from basic chemical considerations e Formaldehyde gas 
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on d isso lv ing  i n  w i t h  water t o  form a monohydrate, 
29 and a serie 
HO(CH20),H. The 
reaction o f  f~ ehyde w i t h  water is: 
OW 
i 
HA<' 9 H20 s=- H 4 - H  polyoxymethylene glycol PO 
H i 
QH 
formaldehyde a t e r  methylene 
monomer glycol 
The methyl ene glycol combines w i  t h  other molecules of methylene glycol 
I t  has been determined t h a t  
0.001 % formal dehyde monomer 
of methylene glycol. Forma 
i n  the form of a di-alcohol 
and 99 
dehyde 
(methy 
t o  yield polymers o f  polymethylene glycol o f  varying molecular weight .  
a t  30°C a 2% formaldehyde solution contains 
999% methylene glycol and polymers 
i n  an aqueous medium i s  99.999% 
ene glycol ) or polyneri c d i  -a1 coho1 c; e 
Therefore, formaldehyde acts l ike  an alcohol i n  i n h i b i t i n g  spore 
germination because i n  an aqueous solut ion formaldehyde exists 
essent ia l ly  as a di-alcohol 
germi natf on w 
T h a t  di-alcohols pep - se  can i n h i b i t  spore 
n a study i n  which ethylene glycol reversibly 
i n h i  b i  Led the inat ion o f  7 B. sub t i l i s  var. niger spores. 
es physical and sporostati c properties o f  aqueous 
glycol) and ethanol. Calculations based on 
yeweal t h a t  nearly identical amounts of ethanol 
re required t o  i n h i b i t  a s ingle  B. subtilis var. 
niqer s p o r ~ .  
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Table 1 
Germination 
Inhibiting * 
Additive S.tructure Mol. W t .  Concentration Column A 
Ethanol CH3-CH2-OH 46.07 1.4% 1.46 
Methylene 
Glycol HO-CH2-OH 48.03 1.4% 1.75 
T h i s  resu l t  suggests that  these additives,  of comparable molecular 
weight ,  s t e r i c  volume and chemical substi tuents,  are interacting 
w i t h  the spore i n  the same manner to  i n h i b i t  spore germination; per- 
haps , by combi n i  ng w i t h  spore enzyme( s) required for spore germination. 
The observation t h a t  aqueous formaldehyde exhibits some sporocidal 
ac t iv i ty  and t h a t  the ra te  o f  the reversal o f  spore i n h i b i t i o n  by 
aqueous formaldehyde is approximately f ive  times slower than t h a t  
observed fo r  ethanol suggests t ha t  while both additives may be in te r -  
acting w i t h  the same spore component, w i t h  the same stoichiometry, 
they do so i n  a different  manner. 
* 
Column A = the figures i n  Column A re fer  t o  the number o f  atoms of 
additive required t o  i n h i b i t  one - B . sub t i l i s  var. niger spore. 
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Sta t l s t l ca l  Analysis o f  Experiment 
xper~men~al  p ograms , i t  i s  often d 
t o  f i t  data collected on the destruction pattern o f  microorganisms t o  
r i a l  fnactivation. The development o f  a e 
program was undertaken to  f a c i l i t a t e  the processing of the hundreds of 
plate  counts which are  collected d u r i n g  the course o f  a ser ies  of 
experiments. The properties o f  this program were t o  be: 
(1) The program should handle repl icate  plates and more than one 
di lut ion fo r  each sampling time period. 
(2)  The best di lut ion a t  each sampling period should be chosen on the 
basis o f  the tightness o f  the data. 
(3) The D-Val ue should be computed. 
(4) The i n i t i a l  population should be treated as only an additional 
data point and no special significance assigned t o  i t .  Thus ,  
the theoretical  intercept should be computed. 
B. Progress. A computer program w i t h  the properties outlined above has 
eveloped. The doc entation is  now i n  the process of bein 
completed. When this is  comp eted the program will be made avail-  
P experimental groups. A flow chart r thjs program 
n i n  Figure 20. We shal l  br ief ly  discuss some o f  the 
s ~ a t i ~ ~ i c a l  t 
53 
xi j ( t , )  = number o f  co lon ie s  on p l a t e  i o f  d i l u t i o n  j 
a t  sampling per iod a ,  
2 = 1 ,  ..., M 
j = 1 ,  ..., 
i = 1 ,  ..., Nj, 
Kg 
where 
M = number o f  sampling per iods  
K, = number o f  d i l u t i o n s  a t  sampling per iod  R 
Nja = number of  p l a t e s  o f  d i l u t i o n  j f o r  sampling per iod R 
and 
t, = time o f  sampling 
The mean o f  the p l a t e  counts  
sampling per iod  (t ,)  i s  
1 i j ( t J  = - 
Nja. 
per iod  R ( i n  any u n i t s  d e s i r e d ) .  
f o r  a p a r t i c u l a r  d i l u t i o n  (j) and 
while the va r i ance  and s t anda rd  dev ia t ion  are def ined  t o  be  
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3Q 3 
and 
respect i  wely. 
Another desirable quant i ty  for each d i  1 ut ion a t  each time period 
i s  a confidence i n t e r v a l  f o r  the  mean. The 95% confidence l e v e l  for a 
p a r t f c u l a r  d i l u t i o n  a t  a p a r t i c u l a r  t ime, tt, i s  approximated by 
where k i s  c t s  t - d i s t r i b u t i o n  wi th  N - 1 
degrees o f  f 
ja 
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i 1.96) 2 + 1 + J (  1 . 9 6 ) ~  + 31 r 5(1 .96)2 + 11 k = 1.96 1 + J mj, - 1)  96(Nj, - 1 ) 2  i 
A good measure of the amount of spread i n  a particular set o f  data 
has been found t o  be the relat ive standard deviation. This is  more 
commonly known as the coefficient of variation. 
period (t,) and each d i l u t i o n  ( j )  i t  i s  defined to  be 
For each sampling 
In calculating the f i t  t o  the data of the log model, we wish t o  use 
the d i l u t i o n  a t  each time period which has the " t ightest"  data. 
The coefficient of variation is  used as an index of this spread. 
Therefore, we l e t  
where J is chosen t o  minimize C . ( t  ) for j = 1 , . . . , K,. Let the 
degree of this di lut ion be d,. 
J R  
We can now prepare t o  calculate the parameters i n  our log model 
fo r  the conditions of the experiment under consideration. For pur-  
poses here, the log model is  assumed t o  take the form 
- t / D  E ( N ( t ) )  = E(N(0)) 10 
then Y ( t )  t a  
Y(t) = a + B t  
where, i n  theory, cx = log,  [E(N(O))] and 
- log, 10 
D B‘ 
The parameters t h a t  we w i l l  initially e s t i m a t e  will be a and 8.  
From these, e est (a) will g i v e  an est imate  o f  E(N(O) ) ,  and an 
est imat ion o f  0 will be 
-log, 10 
est) 
To t h i s  end, we let  
d2+’ 1 ’ 
and 
Then we shal l  approximate a and B by a and b ,  where 
M M 
b =  
and 
respectively. We know from the Gauss-Markoff theorem t h a t  the expected 
values of a and b s a t i s fy  E(a) = a and E ( b )  = 6 .  Therefore the l ine  
Z = a + b t  
provides a " f i t "  as described above to  the selected means Y(t , )  a t  the 
sampling periods ta. Having a and b permits estimation o f  
-1 ogel 0 
D by b 
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I t  is desirable i n  many applications t o  have a measure of h 
the variation among the Y ( t , )  may be explained solely on the basis o f  
time. The correlation coeff ic ient  between Y(t,)'s and time, denoted 
by r ,  performs this duty. T h i s  is defined by 
M M 
We observe tha t  -1 5 r ,< 1.  If r is near t1 or -1 then the one 
vari ab1 e , time, is capable of "explaining 'I the variation between the 
Y ( t , )  whereas, i f  r is near 0 ,  neither variable explains the variation 
i n  the other. 
There are  several errors about which i t  is often convenient t o  have 
some information. The standard error  i n  the estimated slope (b) is  
given by 
and the standard error of estimate of Y from t ,  Syt, is estimated by 
59 
The standard error i n  the estimated log intercept (a )  is  given by 
Another feature w h i c h  i t  i s  sometimes desirable t o  have available 
which occurs i n  the program i s  the confidence band about the calculated 
line. To compute this,  l e t  
1;' M t,-E 
SZ(t,) = S Y t  c ( t , - t )2  
,=l 
Then, the upper 95% confidence level i s  given by 
Z h , )  Z u ( t , )  = a + b t, + k S 
and the lower by 
Zt (t,) = a + b t, - SZ(t,) 
where k is defined from the students t -d i s t r ibu t ion  w i t h  M-2 
degrees of freedom. 
An example of the output  from this program is  given in Figure 21. 
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Read Experiment 
Title 1 
Dilutions 
- Read:- 
Order of Dilution, 
This Dilution 
Print Order 
Of D i  1 utions , 
Plate Counts 
For This Dilution 
~*N~~;:t~fc~T)):c;~~ 
Calculate for this Dilution, 
Mean, Variance, 
Standard Devi a t  i on, 
Upper and Lower Bound On 
95% Confidence Interval, 
Coefficient of Variation 
P r i n t  Mean, Variance, 
Standard Deviation , 
Confidence Interval , 
Coefficient Of 
Figure 20 
IG = Order of Dilution 
Vari at  5 on 
Z(1) = Mean 
E = Coefficient of 
Print Order 
D i  1 uti on 
Chosen = IG 
I 
4 i 
y (Time Period) I = I + I  Experiment 
Increment 
= Log (Z(I)XlO'G+')~ Number 
1 J A No 
Yes 
No stop 
Yes Yes 
Compute 
'Print 
b,  D, ea 
Figure 20 (Continued) 
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Time Period = 1.0 
Confidence Interval 
A 
Increment Period 
Number 
L 
Figure 20 (Continued) 
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Cmputeri zed Identi f i ca ti  on Sys tem 
A. e The objective of this actiws’ty has been the development 
of a computerized version f the PHS microbiological identification 
system i n  use a t  the Cage, so t ha t  such a program could be incorporated 
i n  the Lunar Infomation System. 
actual i denti f i  cation of the colonies sampled d u r i n g  the outbound 
contamination i nwentory o f  Apol 1 o spacecraft. 
This would relieve the PHS o f  the 
B. Progress. 
BUGID. 
previously reported i n  QR-15 and QR-17. A completed version of the 
program, called BUGID, has been instal led i n  the Lunar Information 
System i n  use a t  the Cape. I t  is  incorporated i n  the program QUAL 
and has been used t o  process and identify Apollo 14 data. 
f irst  actual use (Apollo 1 4 ) ,  PHS personnel a t  the Cape made an 
identification and compared resu l t s  w i t h  t ha t  of the program. They 
were sa t i s f ied  and will use the computerized version i n  the future. 
T h u s ,  except for  a few additional resul ts  gained dur ing  this quarter, 
Feasibil i ty of modeling the identification system has been 
For this 
pl ete. 
the process of simulating and 
n use, a curiosity in the data 
identification system us ing  good 
re l iab le  t e s t s  fo r  discriminating would identify an unknown w i t h  a l l  
t e s t  resul ts  agreeing w i t h  that  specified for the appropriate organism 
every time. However, a t  present, biological variation and the state 
rreported below, this act ivi ty  i s  COI 
Unspecified Microorganisms. Duri ng 
checkfng the identification system 
was observed. An exceedingly ideal 
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of ident i f icat ion systems r e su l t  i n  less precise resul ts ;  sometimes because 
of variation i n  laboratory t e s t  resul ts  and also because the identification 
schemes themselves have expected test  results l i s ted  as variable or weakor 
unknown e 
as rules ,  t o  cope w i t h  this variation. These were that  an identification 
could be made i f  there were not more than two t e s t s  on an unknown which 
disagreed w i t h  those resul ts  specified by the identification system and 
then, when there were -two, only a s ingle  organism category was t o  be 
involved. In the case where one t e s t  resu l t  for an unknown was not as 
indicated f o r  an organism category i n  the scheme an identification could 
be made i f  not more than three organism categories were indicated , i .e. , 
a choice must be made between three or fewer organism categories when 
one test r e su l t  (possibly different  for each of the three o f  fewer 
categories) was different from tha t  specified by the scheme. O f  course, 
an identification can clearly be made when exact agreement is obtained 
between t e s t  results fo r  an unknown and the resul ts  specified i n  the 
scheme fo r  a s ingle  organism category. These rules were incorporated 
in to  the program along w i t h  a simulation o f  the choice among multiple 
possible categories made by the PHS i n  the past. 
I t  will be recalled tha t  the PHS established some guidelines, 
During the checkout of the program w i t h  the existing Apollo 10, 
11 , 1 2  and 13 data,  an interest ing phenomenon was observed. 
Scheme A--(Baird-Parker) for  catalase posit ive,  gram positive cocci 
I n  
(containing some 70% of a l l  Apollo samples) most o f  the identifications 
were made on the basis of an exact agrement between the data observed 
and the test outcomes prescribed by the scheme. As the number o f  
categories among which a choice had t o  be made or the number of observed 
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esults differing from those specified by the sch 
the frequency w i t h  which that  event occurred decreased. T h i s  could 
be regarded as a measur of the effectiveness of the scheme l’ndicating 
tha t  i t  was quite good. There were, however, some exceptions t o  the 
pattern. One i n  particular stood out i n  category number 7 (Micrococcus, 
subgroup 1 )  where the most common mode of identification was as a 
choice among three categories, each of which  had one prescribed tes t  
result which d i d  not agree w i t h  the observed data. Upon examination 
i t  developed t h a t ,  i n  every case, the three categories were Nos. 7 ,  13 
and 14, which are Baird-Parker’s Micrococcus (Cohn) subgroups 1 ,  7 and 
8. An analysis of Baird-Parker’s key indicated that  there was only 
one set  of test resul ts  which would disagree w i t h  the key a t  these 
categories i n  one tes t  resu l t  (SC-RR-70-779) so i t  was not too great 
a surprise to  learn tha t  the same t e s t  resul ts  had been recorded for  
these samples . 
Thus ,  one of the organisms more commonly observed on Apollo 
spacecraft is a gram posit ive,  catalase positive cocci which does no t  
f i t  any of the Baird-Parker subgroups or classif icat ions.  I t  is the 
. . t h i r d  most commonly seen species and represents 5% o f  the total  Apollo 
samples. A check o f  the current edition of Bergey’s Manual reveal 
t h a t  this frequently occurring unknown is not l i s ted  there e i ther .  
The observed test  sequence f o r  this unknown d i f fe rs  from those 16  speci 
l i s ted  i n  the genus Micrococcus by pigmentation, acid from glucose 
” (aerobic), acid from lactose or acid from maltose. 
T h u s ,  i t  would appear t ha t  some 5% of the microorganisms recovered 
from Apollo spacecraft by the PHS have not been previously precisely 
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specified e i ther  i n  Bergey's or by the Baird-Parker scheme presently 
i n  use. 
natural environment. 
i s  being prepared. 
GENID. Because of continual improvement as the resu l t  of increased 
know1 edge and experience, identification schemes are frequently modified 
or even changed ent i re ly .  As a r e su l t ,  the program BUGID fo r  simulation 
of the PHS ident i f icat ion scheme was written so tha t  almost a l l  of the 
ident i f icat ion scheme was i n p u t  t o  the program. Thus PHS personnel 
can easi ly  modify the system as changes a re  desired. T h i s  abstract  
approach used in the development of BUGID was extended so that  a very 
general program fo r  bacterial ident i f icat ion,  GENID, was written. For 
GENID, the en t i r e  identification system i s  i n p u t .  T h i s  includes the 
schemes, the number of schemes, the t e s t s  used and any rules that  m i g h t  
be used t o  resolve ambiguous cases. 
T h i s  i s  curious, i n  view of t he i r  apparent prevalance i n  a 
A j o i n t  paper w i t h  the PHS describing this finding 
GENID is a very simple program which essent ia l ly  compares test  
resul ts  w i t h  those prescribed by the appropriate scheme (which is  read 
as i n p u t ) .  
card) and four subroutines. These subroutines perform the functions 
indicated by t h e i r  names: INPUT, SETUP, MATCH and RULES. SETUP and 
MATCH f o r  G E N I D  a re  very l i k e  the similarly named subroutines of 
BUGID. 
the appropriate computer space f o r  the system. 
that  applies the decision rules specified i n  the i n p u t  to  GENID t o  be 
applied t o  mu1 t i p l e  identification situations.  
GENID proper consists of only 27 cards (including comment 
INPUT reads the identification system t o  be used and allocates 
RULES i s  the subroutine 
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Because of the extreme simplicity of GENID i t  is very f a s t  f n  addition 
t o  being so f lexible .  Virtually any ident i f icat ion system can be simulated 
by the program. I t  is necessary t o  cwver t  keys t o  matrix form i f  they 
a re  given i n  t r e e  form. Since this can always 
generality through the use of matrices. As i t  
prints the ident i f icat ion system a t  the beginn 
run. This is  tantamount t o  l is t ing the i n p u t  
system. For example, t ha t  part of the present 
be dQne there is no loss o f  
i s  presently written GENID 
ng of the o u t p u t  fo r  every 
ards which contain the 
PHS system t h a t  is used 
for an immediate identification i s  as follows: 
IDENTIFICATION MATRIX MOLDS ETC, 
90 91 88 89 -2 
17 1 99 99 99 99 
17 99 1 99 99 99 
17 99 99 1 99 99 
17 99 99 99 1 99 
Columns 90, 91 , 88, and 89 designate molds yeasts , actinomyces, 
streptomyces. The l a s t  column is used t o  indicate the next step - here, 
proceed t o  the second (-2) ident i f icat ion matrix. The rules i n  the 
PHS system being used are  listed as follows: 
NUMBER OF TYPES OF DISAGREEMENTS = 3 
NUMBER OF EACH TYPE ALLOWED = 1 3 1 
Finally, i n  the program o u t p u t ,  the data i n p u t  card i s  l isted,  followed 
by the number of disagreements and the identification(s).  Sample 
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Output i s  shown as Figure 22. 
GENID i s  a very general program which may be used wi th  almost any 
i d e n t i f i c a t i o n  system without modif icat ion.  It i s  not  now planned t o  
replace BUGID wi th  GEFJID i n  the  Lunar Information System, but  GENID 
i t  a v a i l a b l e  should any need a r i s e .  A repor t  i s  being prepared. 
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Federal Standard 209a 
A. Description. 
responsibil i ty from the General Services Administration (GSA) t o  
maintain Federal Standard 209a, "Clean Room and Work Station 
Requirements , Control 1 ed Envfrorment. 
Sandia Laboratories , through the AEC, has the delegated 
B. Progress. The proposed meeting of government representatives t o  
review Federal Standard 209a and t o  determine whether a formal 
revision is  needed (QR-20) will not be convened. 
proceed w i t h  plans fo r  a revision and will attempt t o  carry out 
comnunications w i t h  members o f  the Working Group by mail. 
be necessary t o  cal l  a meeting l a t e r  if  controversial issues emerge 
dur ing  the revision. 
Instead, we will 
I t  may 
Prel imi nary contacts have been made w i  t h  the fo l1  owi ng representatives 
of the DOD and USAF for  selecting members of the Working Group and 
discussing revision plans: 
T. R. Casberg, Office of the Assistant Secretary 
of Defense, DOD, Washington, D. C. 
E. C. Carter and H .  E .  Miner, Headquarters, AFLC, 
USAF, Dayton, Ohio. 
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Publications 
1. R.  T. Dillon (1741) ,  Diane Holdridge (5162) and R. Puleo 
and G. Oxborr PHS, Cape Kennedy, Florida, "A Computerized 
Bacterial Identification System as Applied t o  Planetary 
Quarantine," Space Life Sciences, Vol . 3 ,  No. 1 , Apri 1 1971 
2. M. C. Reynolds, "Investigations o f  the Synergistic Effects o f  
Thermoradiation on 
a t  the Annual Seminar o f  the American Society for  Microbiology 
was requested for publication i n  the Clinical Laboratory Forum, 
N e w  York, New York. 
s u b t i l i s  var. niger Spores ," presented 
3. H. D. S iv insk i  and M. C. Reynolds, "Synergistic Characteristics o f  
Thermoradiation Ster i l izat ion,"  SC-DC-714065, presented a t  the 
COSPAR Meeting will be published i n  COSPAR Proceedings. 
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Presentations and Briefings 
1 e H .  D. S iv insk i  spoke t o  a j o i n t  meeting of the local chapter 
and the v i s i t i n g  Dayton, Ohio chapter of the AIM on April 13 
on "Planetary Quarantine." The meeting was held a t  the Kirtland 
Officers Club. 
R. E. Tru j i l l o  (1742) and V .  L. Dugan (1733) were judges a t  the 
High School State  Science Fair  i n  Las Cruces, N e w  Mexico on 
April 17. 
2. 
3. A. L.  Roark spoke t o  a class i n  the Geography Department, University 
o f  N e w  Mexico, on April 20. H i s  topic was, "Mathematical Modeling 
and Analysis of Environmental Sys terns. 'I 
4. H. D. S i v i n s k i ,  R. T.  Dillon, M. C. Reynolds, R. E. Tru j i l lo  and 
V. L. Dugan attended the Annual Meeting of the American Society 
for Microbiology i n  Minneapolis, Minnesota on May 2-7. The 
f o i l  owing presentations were made: 
M. C. Reynolds, "Investigations of the Synergistic Effects of 
Thermoradiation on - B. subtilis var. niger Spores." 
R. E. Truj i l lo ,  "Synergistic Effects of Thermoradiation on 
M i  crobi a1 Cell Components I' 
V. L. Dugan, "A Biomathematical Description o f  Thermoradiation 
Inactivation of Bacterial Cells." 
5. H .  D. S iv insk i  acted as Moderator o f  the two day Symposium on 
Clean Room Technology i n  Surgery Suites held a t  the John F. 
Kennedy Space Center, Florida on May 21 and 22, sponsored by 
NASA and Midwest Research Ins t i tu te .  W .  J .  Whitfield presented a 
b r i  ef i  ng enti tl ed 
a t  the same symposium. 
"Pri nci p l  es of Laminar A i  rf 1 ow Systems , I' 
6. H.  D. S i v i n s k i ,  W .  J .  Whitfield and D. M. Garst attended the 
T e n t h  Annual Meeting o f  the American Association for  Contamination 
Control held i n  Washington, D. C. on May 26. W .  J .  Whitfield 
presented a briefing entitled, "The Effect of Relative Humidity 
on Adhesion of Small Particles to  Surfaces. I' 
7. H. D. S i v i n s k i ,  W .  J .  Whitfield, R.  E. Truj i l lo  and C. A.  Trauth, J r .  
attended the Semi -Annual NASA Spacecraft Steri l  i zati on Techno1 ogy 
Seminar i n  Sea t t le ,  Washington on June 18 and 19. The following 
presentations were given: 
H .  D. S i v i n s k i  , "Thermoradiation Experimentation." 
W. J. Whitfield, "Fine Part ic le  Physics." 
R. E. T ru j i l l o ,  "Synergistic Inactivation of: Biological Systems 
by Thermoradi a t i  on. 
H. D. Sivinski attended the PQAP meeting i n  Seat t le ,  8. 
Washington on June 20. Mr. S i v i n s k i  presented a b r i e f ing  
en t i t l ed  , "Thermoradiation Experimentation With Hardy Soi 1 Spores." 
9. H. D. S iv insk i  presented an i n v i t e d  paper, "Synergistic Characteristics 
o f  Thermoradiation S ter i l iza t ion ,"  on June 21 t o  the Committee on 
Space Research , International Counci 1 of Scient i f ic  Unions (COSPAR) 
i n  Seat t le ,  Washington. 
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Additional Activities 
1.  D. M. Garst, Chairman of the Technical Information Center Committee 
of the American Assoc ia t ion  for Contamination Control presided 
a t  committee meetings i n  Washington, D. C. on May 24-25, 1971. 
2. D. M. Garst was i n s t a l l e d  as National S e c r e t a r y  of the American 
Assoc ia t ion  for Contamination Control a t  the Assoc ia t ion ' s  T e n t h  
Annual Technical Meeting i n  Washington, 0. C. on May 26, 1971. 
3. J.  P. Brannen has been i n v i t e d  t o  become a nat ional  l e c t u r e r  i n  
the Visiting S c i e n t i s t s  Lec turesh ip  Program for the academic y e a r  
1971-72. T h i s  program i s  sponsored by the Socie ty  for Indus t r i a l  
and Appl i ed Mathematics (SIAM) . 
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